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1.  Introduction 


An  initial  ballistic  evaluation  of  conventionally  rolled  AZ3 1B-H24  plate  has  been  performed  and 
serves  as  a  baseline  (7 ).  Powder  metallurgy  (P/M)  processing  can  control  the  microstructure  by 
refining  grains  and  intermetallics  and  producing  nonequilibrium  alloy  compositions  of  metals 
(2).  In  particular,  rapid  solidification  processing  by  atomization  is  often  used  to  prepare  raw 
powders  with  ultrafine  microstructures.  In  this  study,  a  water  atomization  process  was  applied  to 
produce  coarse  magnesium  alloy  powders  with  fine  grains  and  intermetallic  compounds  (3). 
Samples  were  consolidated  by  using  the  conventional  P/M  process  such  as  cold  compaction, 
spark  plasma  sintering,  and  hot  extrusion.  The  alloy  microstructures  and  mechanical  properties, 
along  with  the  ballistic  performance  of  P/M  wrought  magnesium  alloys,  were  evaluated.  The 
effects  of  alloy  elements  and  microstructures  on  the  mechanical  properties  and  ballistic 
performance  are  discussed  in  detail  in  this  report. 


2.  Powder  Metallurgy 


Two  kinds  of  magnesium  alloy  powder  produced  by  water  atomization  process  were  prepared  in 
this  study — AZ31B  (Mg-3Al-lZn-0.3Mn/mass%)  and  AMX602  (Mg-6Al-0.5Mn-2Ca/mass%) 
(4)  coarse  powders.  The  powder  size  of  each  formulation  was  1-4  mm,  as  shown  in  figure  1, 
reducing  the  potential  of  the  magnesium  catching  fire.  Samples  were  compacted  by  applying 
300  MPa  at  room  temperature.  The  relative  density  of  the  green  compact  94-mm-diameter 
samples  of  AZ3  IB  and  AMX602  was  92%  and  90%,  respectively.  Each  powder  was  then 
supplied  to  the  spark  plasma  sintering  (SPS)  process  (5)  to  accelerate  the  metallurgical  bonding 
between  powders.  In  the  SPS  process,  the  raw  powder  filled  a  carbon  die  with  a  diameter  of 
95  mm.  The  temperature  was  controlled  at  473  K  in  a  vacuum  less  than  4  Pa,  and  a 
consolidation  pressure  of  10  MPa  was  applied  during  sintering  in  1.8  ks. 


Figure  1.  AZ31B  and  AMX602  powder  size. 
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The  relative  density  of  the  SPS  compact  of  AZ3  IB  and  AMX602  was  72%  and  70%, 
respectively.  Each  compact  was  heated  at  573,  598,  and  623  K  and  immediately  processed  by 
hot  extrusion.  The  extrusion  ratio  and  speed  was  40  and  50  mm/s,  respectively.  The  final  plate 
specimen,  40  mm  wide  and  5  mm  thick,  was  obtained  by  hot  extrusion. 

Mechanical  Properties 

Figure  2  indicates  optical  microstructures  of  AMX602  raw  materials:  atomized  fine  (a),  coarse 
powders  (b),  machined  chips  (c),  and  cast  ingot  (d).  Fine  powder  (a)  reveals  small  dendrite 
structures  formed  by  rapid  solidification.  Due  to  the  smaller  solidification  ration  during 
atomization,  coarse  powder  shows  larger  grains  than  those  of  fine  powder  (a).  Compared  to 
machined  chips  (c)  and  cast  material  (d),  the  powders  have  almost  the  same  grain  size  of 
60-150  pm,  and  some  intermetallic  compounds  were  observed  at  their  grain  boundaries. 


Figure  2.  Optical  microstructures  of  AMX602  (a-d). 


In  particular,  machined  chips,  shown  in  figure  2c,  have  a  lot  of  twinning  induced  by  machining. 
Figure  3  shows  x-ray  diffraction  patterns  of  AMX602  wrought  alloys  extruded  at  573  and  673  K 
when  using  atomized  powder  compacts  (a)  and  cast  ingot  (b).  Their  microstructures,  observed 
by  SEM,  are  shown  in  figure  4,  where  (a)  and  (b)  indicate  the  powder  compacts  and  cast  ingot, 
respectively.  When  employing  atomized  powders,  the  fine  grains  caused  by  dynamic 
recrystallization  are  observed.  The  lower  extrusion  temperature  of  573  K  is  effective  in  forming 
the  finer  microstructures  with  a  mean  grain  size  of  -0.45  pm,  which  is  measured  by  applying  the 
image- scanning  software  to  the  scanning  electron  microscopy  (SEM)  photo.  Very  fine  white 
particles  are  Al2Ca  compounds  precipitated  during  heating  prior  to  hot  extrusion. 
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Figure  3.  X-ray  diffractions  of  AMX602:  (a)  atomized 
powder  compacts  and  (b)  cast  ingot. 


Figure  4.  SEM  of  AMX602  (a-1,  a-2,  b-1,  and  b-2). 


In  the  case  of  cast  ingots,  figure  4b- 1,  the  mean  grain  size  of  extruded  materials  at  573  and  673  K 
is  1.96  and  3.29  jam,  respectively.  The  higher  temperature  caused  grain  coarsening.  Both 
wrought  alloys  using  AMX602  cast  ingots  contained  coarse  intermetallics  as  well.  As  shown  in 
figure  5,  SEM-energy  dispersive  spectroscopy  (EDS)  analysis  results  on  the  specimen  indicate 
the  intermetallic  dispersoids  were  mainly  AfiCa  compounds  and  exist  at  grain  boundaries.  The 
other  results  showed  Al-Mn  compounds  with  spherical  shapes. 

Both  intermetallics  are  typical  of  the  conventional  AMX602  cast  ingot.  Micro  Vicker’s  hardness 
of  each  material  was  as  follows:  powder  extruded  at  573  K,  1 13  Hv;  powder  extruded  at  673  K, 
94.3  Hv;  cast  ingot  extruded  at  573  K,  77.0  Hv;  and  cast  ingot  extruded  at  673  K,  69.9  Hv.  The 
hardness  of  wrought  alloys  using  atomized  powder  compacts  was  higher  than  that  using  the  cast 
ingot  and  showed  a  remarkable  dependence  on  the  grain  size. 
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Figure  5.  SEM-EDS  of  AMX602  of  cast  ingot  extruded  at 
573  K  (a-f). 


The  mechanical  properties  of  wrought  AMX602  alloys  are  shown  in  figure  6.  Figure  6a  shows 
tensile  stress-strain  curves  in  extruding  the  atomized  powder  compact  and  cast  ingot  material  at 
623  K.  The  extruded  AMX602  alloy  using  the  atomized  powder  compact  indicates  an  increase 
of  tensile  strength  (TS)  and  yield  strength  (YS)  compared  to  the  ingot  extruded  alloy,  about  35% 
and  70%,  respectively.  In  particular,  a  phenomenon  suspected  in  yielding  is  detected  when  using 
the  powder  compact.  In  the  fractured  surface  of  each  tensile  test  specimen,  the  powder  compact 
extruded  alloy,  figure  6b,  shows  no  fracture  at  primary  particle  boundaries  and  fine  dimple 
patterns.  This  means  the  particle  bonding  is  strong  and  cracks  propagate  inside  particles,  not 
grain  boundaries.  When  testing  the  cast  ingot,  figure  6c,  dimple  patterns  were  observed,  but 
some  cracks  occurred  inside  the  coarse  brittle  intermetallics. 


Figure  6.  AMX602  stress-strain  curve  and  SEM  (a-c). 

Figure  7  indicates  a  dependence  of  the  tensile  properties  of  wrought  AMX602  alloys  on  the 
extrusion  temperature.  Both  materials  reveal  the  decrease  of  TS  and  YS,  with  increase  in  the 
extrusion  temperature  due  to  microstructure  coarsening.  However,  the  elongation  increases  with 
increasing  temperature,  14.2%  for  the  atomized  powder  and  17.7%  for  the  cast  ingot  at  623  K. 
Note  that  the  TS  of  447  MPa  and  YS  of  425  MPa  is  obtained  in  the  extruded  material  by  using 
the  rapidly  solidified  AMX602  powder,  which  was  superior  to  the  conventional  aluminum  alloy 
2014-T4  heat  treatment. 
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Figure  7.  Tensile  properties  vs.  temperature. 


3.  Terminal  Ballistic  Evaluation 


3.1  Test  Setup 

Ten  magnesium  plate  samples  were  produced  for  ballistic  evaluation.  The  nominal  dimensions 
of  the  samples  were  308  x  38  x  5  mm.  The  test  designation  and  the  manufacturing  of  each 
sample  are  shown  in  table  1.  The  conventionally  rolled  plates  were  designated  X-6  and  X-7. 
The  thin  plates  were  held  vertically  in  a  test  fixture  by  one  clamp  on  each  308-mtn  edge. 


Table  1 .  Manufacturing  process. 


Designation 

Material 

1-1 

AZ3  IB  SWAP  cold  compaction  extrusion  300  °C 

2-1 

AZ31B  SWAP  SPS  200  °C  extrusion  300  °C 

4-1 

AZ231B  cold  compaction  extrusion  325  °C 

5-1 

AMX  602  SWAP  cold  compaction  extrusion  325  °C 

7-1 

AMX  602  SWAP  SPS  200  °C  extrusion  325  °C 

8-1 

AZ3  IB  SWAP  cold  compaction  extrusion  350  °C 

9-1 

AZ31B  SWAP  SPS  200  °C  extrusion  350  °C 

10-1 

AMX  602  SWAP  SPS  200  °C  extrusion  350  °C 

X-6 

AZ3 1B-H24  wrought  plate 

X-7 

AZ3 1B-0  wrought  plate 

Notes:  SWAP  =  spinning  water  atomization  process,  and  SPS  =  spark  plasma 
sintering. 


Ballistic  testing  of  all  magnesium  plate  samples  was  performed  by  the  U.S.  Army  Research 
Laboratory  (ARL)  at  Aberdeen  Proving  Ground,  MD,  in  accordance  with  MIL-STD-662F  (6). 
Ballistic  results  were  characterized  using  the  standard  V50  test  methodology,  also  documented  in 
MIL-STD-662F.  Due  to  the  limitation  of  sample  sizes,  the  V50  ballistic  limit  of  samples  1-1,  2-1, 
and  4-1  was  calculated  using  the  average  between  the  high  partial  penetration  and  low  complete 
penetration.  Pictures  of  the  test  setup  are  shown  in  appendix  A. 
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3.2  Projectile 


Because  of  the  thin  gauge  of  the  samples,  the  0.22-cal.  fragment-simulating  projectile  (FSP)  was 
selected  to  evaluate  the  magnesium  alloy  plates.  The  FSP  used  is  produced  in  accordance  with 
MIL-DTL-46593B  (MR)  (7)  and  is  depicted  in  figure  8.  This  projectile  design  is  utilized  in 
acceptance  tables  for  current  military  specifications. 


Unless  Otherwise  Specified: 
Lineor  dimensions  ±0.010" 
Angulor  dimensions  ±0.5' 


Figure  8.  The  0.22-cal.  FSP  dimensions  (7). 


3.3  Ballistic  Comparison 

Vso  ballistic  limit  for  each  magnesium  plate  is  shown  in  table  2.  Each  sample  was  weighed,  and 
the  areal  density  and  ballistic  limits  were  calculated.  The  V50  ballistic  limit  firing  records  are 
shown  in  appendix  B. 

Table  2.  Areal  weights  and  ballistic  limits. 


Designation 

Material 

Thickness 

(mm) 

Length 

(mm) 

Width 

(mm) 

Weight 

(g) 

Areal  Density 
(kg/m2)  (lb/sf) 

V50 

(m/s)  (fps) 

1-1 

AZ31B  SWAP  cold 
compaction  extrusion  300  °C 

4.877 

8.938 

39.7 

77.0 

8.54(1.75) 

277  (909) 

2-1 

AZ31B  SWAP  SPS  200  °C 
extrusion  300  °C 

4.851 

9.000 

39.7 

78.0 

8.59(1.76) 

269  (883) 

4-1 

AZ231b  cold  compaction 
extrusion  325  °C 

4.902 

8.875 

39.7 

77.1 

8.59(1.76) 

277  (892) 

5-1 

AMX  602  SWAP  cold 
compaction  extrusion  325  °C 

4.877 

8.938 

39.7 

77.7 

8.64(1.77) 

270  (886) 

7-1 

AMX  602  SWAP  SPS  200  °C 
extrusion  325  °C 

4.851 

8.938 

39.7 

77.1 

8.54(1.75) 

268  (879) 

8-1 

AZ31B  SWAP  cold 
compaction  extrusion  350  °C 

4.877 

8.938 

39.7 

77.1 

8.54(1.75) 

277  (909) 

9-1 

AZ31B  SWAP  SPS  200  °C 
extrusion  350  °C 

4.877 

8.938 

39.7 

77.1 

8.64(1.75) 

277  (909) 

10-1 

AMX  602  SWAP  SPS  200  °C 
extrusion  350  °C 

4.851 

8.875 

39.7 

77.1 

8.59(1.76) 

275  (902) 

X-6 

AZ3 1B-H24  wrought  plate 

4.623 

8.875 

63.5 

117.5 

8.20(1.68) 

277  (909) 

X-7 

AZ3 1 B-O  wrought  plate 

4.750 

8.875 

63.5 

98.2 

8.59(1.76) 

273  (896) 

Notes:  SWAP  =  spinning  water  atomization  process,  and  SPS  =  spark  plasma  sintering. 
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The  data  did  not  show  a  statistically  significant  difference  in  ballistic  perfonnance  as  a  result  of 
processing.  The  standard  deviation  of  the  each  V50  was  within  the  acceptable  required  testing 
limits.  Based  on  this  data,  it  is  recommended  that  any  future  samples  have  a  minimum  thickness 
of  12.7  mm. 

3.4  Material  Response 

Initial  analysis  of  the  material  responses  is  shown  in  table  3  and  figures  9-18.  The  projectile 
made  an  initial  indentation,  resulting  in  plastic  shearing  and  the  formation  of  a  plug.  The  back  of 
the  samples  showed  different  material  failures.  Magnesium  alloy  AMX602  proved  to  be  a  brittle 
material  under  all  manufacturing  processes.  Some  of  the  entry  holes  exhibited  adiabatic 
shearing.  Large  spall  failure  (scabbing)  occurred  on  the  back  of  the  magnesium  alloy  AMX602 
samples  after  the  fragment  impact.  Spalling  is  the  detachment  of  a  layer  of  material  in  the  area 
surrounding  the  location  of  impact,  occurring  on  either  the  front  or  rear  surfaces  of  a  sample. 

This  indicates  the  ductility  of  magnesium  alloy  AMX602  needs  to  be  improved.  The 
manufactured  powder  magnesium  alloy  AZ31B  petalled  during  impact,  allowing  some  of  the 
energy  of  the  projectile  to  be  dissipated  through  plastic  defonnation.  Petalling  is  the  peeling  of 
material  into  segments  after  impact.  Conventionally  rolled  magnesium  alloy  AZ3  IB  showed 
little  spall  compared  to  powder-processed  magnesium  alloys. 

Table  3.  Material  failure  analysis. 


Designation 

Material 

Material  Response 

Front 

Back 

1-1 

AZ31B  SWAP  cold 
compaction  extrusion  300  °C 

Initial  indentation,  plastic  shearing  then  plug 
formation 

Petalling  then 
spall  failure 

2-1 

AZ31B  SWAP  SPS  200  °C 
extrusion  300  °C 

Initial  indentation,  plastic  shearing  then  plug 
formation 

Petalling  then 
spall  failure 

4-1 

AZ23  IB  cold  compaction 
extrusion  325  °C 

Initial  indentation,  plastic  shearing  then  plug 
formation 

Petalling  then 
spall  failure 

5-1 

AMX  602  SWAP  cold 
compaction  extrusion  325  °C 

Initial  indentation,  plastic  shearing  then  plug 
formation,  some  shear  cracking  at  hole 
perimeter 

Large  spall 
failure 

7-1 

AMX  602  SWAP  SPS  200  °C 
extrusion  325  °C 

Initial  indentation,  plastic  shearing  then  plug 
formation,  some  shear  cracking  at  hole 
perimeter 

Large  spall 
failure 

8-1 

AZ31B  SWAP  cold 
compaction  extrusion  350  °C 

Initial  indentation,  plastic  shearing  then  plug 
formation 

Petalling  then 
spall  failure 

9-1 

AZ31B  SWAP  SPS  200  °C 
extrusion  350  °C 

Initial  indentation,  plastic  shearing  then  plug 
formation 

Petalling  then 
spall  failure 

10-1 

AMX  602  SWAP  SPS  200  °C 
extrusion  350  °C 

Initial  indentation,  plastic  shearing  then  plug 
formation,  some  shear  cracking  at  hole 
perimeter 

Large  spall 
failure 

X-6 

AZ3 1B-H24  wrought  plate 

Initial  indentation,  plastic  shearing  then  plug 
formation 

Small  spall 
failure 

X-7 

AZ3 1B-0  wrought  plate 

Initial  indentation,  plastic  shearing  then  plug 
formation 

Small  spall 
failure 

Notes:  SWAP  =  spinning  water  atomization  process,  and  SPS  =  spark  plasma  sintering. 
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Figure  10.  Designation  2-1:  front  (a)  and  back  (b). 


Figure  11.  Designation  4-1:  front  (a)  and  back  (b). 


(a) 

- 

A 

r 

Figure  12.  Designation  5-1:  front  (a)  and  back  (b). 
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Figure  13.  Designation  7-1:  front  (a)  and  back  (b). 


(a)  <b) 


Figure  14.  Designation  8-1:  front  (a)  and  back  (b). 


Figure  16.  Designation  10-1:  front  (a)  and  back  (b). 
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Figure  17.  Designation  X-6:  front  (a)  and  back  (b). 


Figure  18.  Designation  X-7:  front  (a)  and  back  (b). 


4.  Conclusions  and  Future  Research 


Ballistic  performance  appeared  constant  regardless  of  processing  route.  The  magnesium  plate 
may  not  be  thick  enough  to  properly  show  the  effect  of  material  processing  differences. 
Therefore,  it  is  recommended  that  future  evaluations  be  conducted  with  magnesium  plate  with  a 
minimum  thickness  of  12.7  mm. 

These  results  indicated  not  only  high  TS  and  YS,  but  high  elongation  produced  by  good 
metallurgical  bonding  between  primary  powders.  A  large  quantity  of  alloying  elements  in  the 
matrix  is  not  suitable  to  maintaining  high  elongation.  The  grain  and  intermetallics  refinement 
was  effective  in  improving  the  balance  of  strength  and  ductility  of  the  magnesium  alloys, 
although  the  thermal  history  in  consolidating  rapid,  solidified  magnesium  alloy  powder  should 
be  optimized.  The  effect  of  surface  oxide  (MgO)  films  of  raw  powder  on  the  metallurgical 
bonding  will  also  investigated  by  microstructural  analysis.  Furthermore,  the  materials 
strengthening  by  fine  dispersoids,  which  have  a  good  wettability  with  magnesium,  e.g.,  titanium 
particles,  will  be  considered  in  the  future  work. 
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Figure  A-l.  The  gas  gun.  The  distance  between  the  gun  muzzle  and  the  target  was  1.4  m. 
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Figure  A-2.  A  sample  in  the  test  rig  with  a  228-  x  152.4-  x  0.508-mm 
2024 A1  witness  plate  placed  152  mm  behind  and  parallel 
to  sample.  The  distance  between  the  clamps  was  254  mm. 
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B.l  Material  Sample  1-1 

Date:  20  August  2008 

Engineer:  Tyrone  Jones 

Test  facility:  Bldg.  4600  -  Dehmer 

Target:  Magnesium  alloy  AZ31B  spinning  water  atomization  process  (SWAP)  cold  compaction  extrusion  300  °C 

Sample  no.:  1-1 

Sample  size:  9  *  1.5  in 

Sample  thickness:  0.192  in 

Sample  weight:  77  gr 

Area  density:  1.75  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  fragment-simulating  projectile  (FSP) 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B-l.  Material  sample  1-1. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

314 

CP 

No 

— 

2 

292 

CP 

No 

— 

3 

281 

CP 

Yes 

— 

4 

264 

PP 

No 

— 

5 

267 

PP 

No 

— 

6 

273 

PP 

Yes 

Dent  on  witness 

V50  calculation:  277  m/s 

High  partial  (HP):  273  m/s 

Low  complete  (LC):  281  m/s 

Notes:  •  CP  =  complete  perforation;  penetrator  or  target  material  exits  rear  surface  of  the  target. 

•  HP  =  highest  partial  perforation;  V50  ballistic  limit  is  typically  above  this  velocity. 

•  LC  =  lowest  complete  perforation;  V50  ballistic  limit  is  typically  below  this  velocity. 

•  PP  =  partial  penetration;  ;the  penetrator  is  defeated  by  target. 

•  Result  =  result  of  shot;  CP  or  PP. 

•  Striking  velocity  =  velocity  of  the  projectile  just  prior  to  impacting  the  target. 
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B.2  Material  Sample  2-1 

Date:  21  August  2008 

Engineer:  Tyrone  Jones 

Test  facility:  Bldg.  4600  -  Dehmer 

Target:  Magnesium  alloy  AZ31B  SWAP  200  °C  extrusion  300  °C 

Sample  no.:  2-1 

Sample  size:  9  x  1.5  in 

Sample  thickness:  0.191  in 

Sample  weight:  78  gr 

Area  density:  1.76  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B -2.  Material  sample  2-1. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

257 

PP 

No 

— 

2 

278 

CP 

No 

— 

3 

274 

CP 

No 

Pinhole  in  witness 

4 

269 

CP 

Yes 

Pinhole  in  witness 

5 

269 

PP 

Yes 

— 

V50  calculation:  269  m/s 

High  partial  (HP):  269  m/s 

Low  complete  (LC):  269  m/s 
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B.3  Material  Sample  4-1 

Date:  22  August  2008 

Engineer:  Tyrone  Jones 

Test  Facility:  Bldg.  4600  -  Dehmer 

Target:  Magnesium  alloy  AZ31B  cold  compaction  extrusion  325  °C 

Sample  no.:  4-1 

Sample  size:  8.75  x  1.5  in 

Sample  thickness:  0.193  in 

Sample  weight:  77. 1  gr 

Area  density:  1.76  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B-3.  Material  sample  4- 1 . 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

251 

PP 

No 

— 

2 

269 

CP 

Yes 

Dent  on  witness 

3 

268 

CP 

No 

— 

4 

274 

CP 

Yes 

— 

V50  calculation:  272  m/s 

High  partial  (HP):  269  m/s 

Low  complete  (LC):  274  m/s 
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B.4  Material  Sample  5-1 

Date:  28  August  2008 

Engineer:  Tyrone  Jones 

Test  Facility:  Bldg.  4600  -  Dehmer 

Target:  Magnesium  alloy  AMX602  SWAP  cold  compaction  extrusion  325  °C 

Sample  no.:  5-1 

Sample  size:  8.94  x  56  in 

Sample  thickness:  0.192  in 

Sample  weight:  77.7  gr 

Area  density:  1.77  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B-4.  Material  sample  5-1. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

264 

PP 

No 

Plug  ejected 

2 

Void 

— 

No 

— 

3 

272 

CP 

Yes 

— 

4 

266 

PP 

Yes 

Plug  ejected 

5 

271 

PP 

Yes 

Plug  ejected 

6 

272 

CP 

Yes 

— 

V5o  calculation:  270  m/s 

High  partial  (HP):  271  m/s 

Low  complete  (LC):  266  m/s 
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B.5  Material  Sample  7-1 

Date:  29  August  2008 

Engineer:  Tyrone  Jones 

Test  facility:  Bldg.  4600  -  Dehmer 

Target:  Magnesium  alloy  AMX602  SWAP  200  °C  extrusion  325  °C 

Sample  no.:  7-1 

Sample  size:  8.94  x  1.5  in 

Sample  thickness:  0.191  in 

Sample  weight:  77. 1  gr 

Area  density:  1.75  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B-5.  Material  sample  7-1. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

271 

PP 

Yes 

Plug  ejected 

2 

270 

CP 

Yes 

— 

3 

269 

CP 

Yes 

— 

4 

269 

CP 

Yes 

— 

5 

266 

PP 

Yes 

Plug  ejected 

6 

263 

PP 

Yes 

Plug  ejected 

V50  calculation:  268  m/s 

High  partial  (HP):  271  m/s 

Low  complete  (LC):  269  m/s 

22 


B.6  Material  Sample  8-1 

Date:  2  September  2008 
Engineer:  Tyrone  Jones 
Test  facility:  Bldg.  4600  -  Dehmer 

Target:  Magnesium  alloy  AZZ3  IB  cold  compaction  extrusion  350  °C 

Sample  no.:  8-1 

Sample  size:  8.94  x  1.56  in 

Sample  thickness:  0.192  in 

Sample  weight:  77. 1  gr 

Area  density:  1.75  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B-6.  Material  sample  8-1. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

270 

PP 

No 

— 

2 

271 

PP 

No 

— 

3 

271 

PP 

No 

— 

4 

271 

PP 

Yes 

— 

5 

280 

PP 

Yes 

Dent  on  witness 

6 

277 

CP 

Yes 

— 

7 

278 

CP 

Yes 

— 

V50  calculation:  268  m/s 

High  partial  (HP):  271  m/s 

Low  complete  (LC):  269  m/s 
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B.7  Material  Sample  9-1 

Date:  8  September  2008 
Engineer:  Tyrone  Jones 
Test  facility:  Bldg.  4600  -  Dehmer 

Target:  Magnesium  alloy  AZ31B  SWAP  SPS  200  °C  extrusion  350  °C 

Sample  no.:  9-1 

Sample  size:  8.94  x  1.56  in 

Sample  thickness:  0.192  in 

Sample  weight:  77. 1  gr 

Area  density:  1.75  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B-7.  Material  sample  9-1. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

247 

PP 

No 

— 

2 

265 

PP 

No 

— 

3 

272 

PP 

Yes 

Dent  on  witness 

4 

273 

PP 

Yes 

— 

5 

283 

CP 

Yes 

Pinhole  in  witness 

6 

280 

CP 

Yes 

— 

V50  calculation:  277  m/s 

High  partial  (HP):  273  m/s 

Low  complete  (LC):  280  m/s 
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B.8.  Material  Sample  10-1 

Date:  9  September  2008 
Engineer:  Tyrone  Jones 
Test  facility:  Bldg.  4600  -  Dehmer 

Target:  Magnesium  alloy  AZ31B  SWAP  SPS  200  °C  extrusion  350  °C 

Sample  no.:  10-1 

Sample  size:  8.88  x  1.56  in 

Sample  thickness:  0.191  in 

Sample  weight:  77. 1  gr 

Area  density:  1.76  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B-8.  Material  sample  10-1. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

280 

CP 

Yes 

— 

2 

270 

PP 

Yes 

Dent  on  witness 

3 

274 

PP 

Yes 

Dent  on  witness 

4 

275 

CP 

Yes 

— 

V50  calculation:  275  m/s 

High  partial  (HP):  274  m/s 

Low  complete  (LC):  275  m/s 
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B.9  Material  Sample  X-6 

Date:  10  September  2008 

Engineer:  Tyrone  Jones 

Test  facility:  Bldg.  4600  -  Dehmer 

Target:  Conventionally  rolled  magnesium  alloy  AZ3 IB  H24 

Sample  no.:  X-6 

Sample  size:  8.875  x  2.5  in 

Sample  thickness:  0.182  in 

Sample  weight:  1 17.5  gr 

Area  density:  1.68  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024A1 


Table  B-9.  Material  sample  X-6. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

269 

PP 

No 

— 

2 

279 

CP 

Yes 

Pinhole  in  witness 

3 

271 

PP 

No 

Plug  ejected 

4 

274 

PP 

Yes 

— 

5 

276 

PP 

Yes 

Plug  ejected 

6 

279 

CP 

Yes 

— 

V5o  calculation:  277  m/s 

High  partial  (HP):  276  m/s 

Low  complete  (LC):  279  m/s 
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Table  B.10  Material  Sample  X-7 

Date:  10  September  2008 

Engineer:  Tyrone  Jones 

Test  facility:  Bldg.  4600  -  Dehmer 

Target:  Conventionally  rolled  magnesium  alloy  AZ3 IB  O 

Sample  no.:  X-7 

Sample  size:  8.9  x  2  in 

Sample  thickness:  0.187  in 

Sample  weight:  98.2  gr 

Area  density:  1.76  psf 

Obliquity:  0° 

Projectile:  0.22-cal.  FSP 

Setup:  Mg  alloy  sample  -  6  in  air  -  0.020  in  2024  A1 


Table  B-10.  Material  sample  X-7. 


Shot  No. 

Striking  Velocity 
(m/s) 

Result 

(PP/CP) 

Used  for  V50 

Comments 

1 

250 

PP 

No 

— 

2 

269 

PP 

Yes 

Plug  ejected 

3 

272 

CP 

Yes 

— 

4 

279 

CP 

Yes 

— 

5 

273 

PP 

Yes 

Plug  ejected 

V50  calculation:  273  m/s 

High  partial  (HP):  273  m/s 

Low  complete  (LC):  272  m/s 
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2716  WEMBERLY  DR 
BELMONT  CA  94002 


1  GEN  RSRCH  CORP 
PO  BOX  6770 

SANTA  BARBARA  CA  93160-6770 

1  INTERNATL  RSRCH  ASSN 
D  ORPHAL 
4450  BLACK  AVE 
PLEASANTON  CA  94566 

3  GDLS 

W  BURKE  MZ436  21  24 
G  CAMPBELL  MZ436  30  44 
D  DEBUSSCHER  MZ436  20  29 
38500  MOUND  RD 
STERLING  HTS  MI  48310-3200 

3  GDLS 

JERIDON  MZ436  21  24 
W  HERMAN  MZ435  01  24 
S  PENTESCU  MZ436  21  24 
38500  MOUND  RD 
STERLING  HTS  MI  48310-3200 

1  JET  PROPULSION  LAB 
IMPACT  PHYSICS  GRP 
M  ADAMS 

4800  OAK  GROVE  DR 
PASADENA  CA  91 109-8099 

3  OGARA  HESS  &  EISENHARDT 
G  ALLEN 

D  MALONE 
T  RUSSELL 
9113  LE  SAINT  DR 
FAIRFIELD  OH  45014 

2  ALL  VAC  OREMET  FACLTY 
J  KOSIN 

B  MAHONEY 
530  34TH  AVE  SW 
PO  BOX  460 
ALBANY  OR  97321 

4  POULTER  LAB 
SRI  INTRNTL 
D  CURRAN 

R  KLOOP 
L  SEAMAN 
D  SHOCKEY 
333  RAVENSWOOD  AVE 
MENLO  PARK  CA  94025 
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6  RMI  TITANIUM  CO 
J  BENNETT 
E  CHRIST 
F  JANOWSKI 
W  PALLANTE 
S  ROBERTSON 
O  YU 

1000  WARREN  AVE 
NILES  OH  44446 

1  TIMET 

J  FANNING 
PO  BOX  2128 
HENDERSON  NV  89009 

1  SIMULA  INC 
R  WOLFFE 
10016  SOUTH  51ST  ST 
PHOENIX  AZ  85044 

3  UNITED  DEFNS  LIMITED  PARTNERS 
GROUND  SYS  DIV 
E BRADY 
R  JENKINS 
K  STRITTMATTER 
POBOX  15512 
YORK  PA  17405-1512 

1  PENN  STATE  UNIV 
APPLIED  RSRCH  LAB 
ACOUSTICS  PRGM 
D  SWANSON 
504L  APPLIED  SCI  BLDG 
UNIVERSITY  PK  PA  16803 

5  MENA 

R  DELORME 

1001  COLLEGE  ST 
PO  BOX  258 
MADISON  IL  62060 

1  CENTRAL  7 
R  JONES 

80  PALISADE  AVE 
WHITE  PLAINS  NY  10607 

1  PACIFIC  NORTHWEST  NATL  LAB 
E  NYBERG 
MSIN  P7-82 
902  BATTELLE  BLVD 
RICHLAND  WA  99352 


1  UNIV  OF  VIRGINIA 

DEPT  OF  MTRLS  SCI  &  ENG 
SCHOOL  OF  ENG  &  APPL  SCI 
H  WADLEY 

B214  THORNTON  HALL 
116  ENGINEERS  WAY 
CHARLOTTESVILLE  VA  22903 

1  CELLULAR  MTRLS  INTRNTL  INC 

Y  MURTY 

2  BOARS  HEAD  LN 
CHARLOTTESVILLE  VA  22903 

1  EMBASSY  OF  AUSTRALIA 
COUNSELLOR  DEFNC  SCI 
1601  MASSACHUSETTS  AVE  NW 
WASHINGTON  DC  20036-2273 

1  FORCE  PROTECTION  INDUST  INC 

V  JOYNT 
9801  HWY78 
LADSON  SC  29456 

2  US  ARMY  RSRCH  DEV  &  ENGRG  CTR 
AMSRD  NSC  IPD  B 

P  CUNNIFF 
J  WARD 
KANSAS  ST 
NATICK  MA  01760-5019 

1  NVL  SURFC  WARFARE  CTR 
CARDEROCK  DIV 
R  PETERSON  CODE  28 
9500  MACARTHUR  BLVD 
WEST  BETHESDA  MD  20817-5700 

1  THE  AIR  FORCE  RSRCH  LAB 
AFRL/MLLMP 
T  TURNER 
BLDG  655  RM  115 
2230  TENTH  ST 

WRIGHT-PATTERSON  AFB  OH 
45433-7817 

1  PRATT  &  WHITNEY  ROCKETDYNE 
A  PANDEY 

PO  BOX  109600  MS  702-06 
WEST  PALM  BEACH  FL  33410-9600 

1  GEN  MOTORS  CORP 
P  CREPEAU 

MAIL  CODE  483-730-472 
823  JOSLYN  RD 
PONTIAC  MI  48340 
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1  CHRYSLER  CORP 
R  BEALS 
CIMS  481-01-41 
800  CHRYSLER  DR 
AUBURN  HILLS  MI  48326-2757 

1  BMW  OF  NORTH  AMERICA  LLC 
A  KHALILI 

555  HAMILTON  AVE  STE  300 
PALO  ALTO  CA  94301 

1  MISSOURI  UNIV  OF  SCI  &  TECHLGY 
R  MISHRA 
B37  MCNUTT  HALL 
ROLLA  MO  65409-0340 

1  THIXOMAT 
S  LEBEAU 
620  TECHNLGY  DR 
ANN  ARBOR  MI  48108 

1  US  INFANTRY  CTR 

MTRLS  LOG  NCO  -  SCI  TECHNLGY 
ADVISOR 
SOLDIER  DIV 
S  VAKERICS 

6731  CONSTITUTION  LOOP  STE  319 
FORT  BENNING  GA  31905 

3  NATL  GROUND  1NTLLGNC  CTR 
D  EPPERLY 
T  SHAVER 
T  WATERBURY 
2055  BOULDERS  RD 
CHARLOTTESVILLE  VA  22911-8318 

3  PROG  EXECUTIVE  OFC  -  SOLDIER 
US  ARMY  DIR  TECH  MGMT 
PROJ  MGR  -  SOLDIER  EQUIP 
K  MASTERS 
C  PERRITT 
J  ZHENG 

15395  JOHN  MARSHALL  HWY 
HAYMARKET  VA  20169 

1  CERADYNE  INC 
M  NORMANDIA 
3169  RED  HILL  AVE 
COSTA  MESA  CA  92626 


2  SOUTHWEST  RSRCH  INST 
C  ANDERSON 
J  WALKER 
6220  CULEBRA  RD 
PO  DRAWER  28510 
SAN  ANTONIO  TX  78228 

2  FOSTER-MILLER 
J  REIGEL 
R  SYKES 

195  BEAR  HILL  RD 
WALTHAM  MA  02451 

2  SOUTHWEST  RSRCH  INST 
T  HOLMQUIST 
G  JOHNSON 

5353  WAYZATA  BLVD  STE  607 
MINNEAPOLIS  MN  55416 

1  US  ARMY  RAPID  EQUIPPING  FORCE 
R  TURNER 
10236  BURBECKRD 
BLDG361T 

FORT  BELVOIR  VA  22060-5806 

1  MAGNESIUM  TECH  RESRCS  LLC 
S  ERICKSON 

4241  AUGUSTA  CT 
HOWELL  MI  48843 

2  LETTERKENNY  ARMY  DEPOT 
PRODUCTION  ENGRNG  DIV 
AMSAM  LE  MO  E  S 

K  HERSHEY 
J  FRIDAY 
1  OVERCASH  AVE 
CHAMBERSBURG  PA  17201-4150 

1  TIMMINCO  CORP 
DIR  BUS  DEV 
S  SHOOK 
3595  MOLINE  ST 
AURORA  CO  80010 

1  MINE  SAFETY  APPLIANCES  CO 
T  MOYNIHAN 
PO  BOX  439 

PITTSBURGH  PA  15230-0439 

1  NATL  TECH  SYS 
S  DETRUIT 
3070  SW  CAPTIVACT 
PALM  CITY  FL  34990 
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1  SAINT  GOBAIN 
D  MCELWEE 
9  RENEE  CT 

NORTHGATE  COMMONS 
NEWARK  DE  19711 

1  DIR  US  ARMY  RSRCH  LAB 
AMSRD  ARL  D 
J  MILLER 
V  WEISS 

2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 

1  DIR  US  ARMY  RSRCH  LAB 
AMSRD  ARL  SE  SA 
N  SROUR 

2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 

1  RF 

R  FAUCONIER 
175  HIGH  PLAIN  RD 
ANDOVER  MAO  18 10 


ABERDEEN  PROVING  GROUND 


1  DIR  USA  EBCC 
SCBRD  RT 

5183  BLACKHAWK  RD 
APGEAMD  21010-5424 

1  CDR  USA  SBCCOM 
AMSCB  CII 

5183  BLACKHAWK  RD 
APGEAMD  21010-5424 

1  DIR  USAMSAA 
AMSRD  AMS  D 
BLDG  392 

1  CDR  USATEC 
STEAC  LI  LV 
E  SANDERSON 
BLDG  400 

1  CDR  US  ARMY  DTC 
CSTE  DTC  TT  T 
M  SIMON 
RYAN  BLDG 


86  DIR  USARL 

AMSRD  ARL  SL 
R  COATES 
AMSRD  ARL  SL  B 
R  BOWEN 
AMSRD  ARL  SL  BE 
A  DIETRICH 
AMSRD  ARL  SL  BW 
W  BRUCHEY 
L  ROACH 

AMSRD  ARL  VT  UV 
S  WILKERSON 
AMSRD  ARL  WM 
J  MCCAULEY 
P  PLOSTINS 
J  SMITH 
T  WRIGHT 
AMSRD  ARL  WM  B 
M  ZOLTOSKI 
AMSRD  ARL  WM  BC 
R  ANDERSON 
AMSRD  ARL  WM  BD 
D  LOWRY 
AMSRD  ARL  WM  M 
J  BEATTY 
B  DOWDING 
S  MCKNIGHT 
AMSRD  ARL  WM  MB 
R  CARTER 
L  KECSKES 
S  MATHAUDHU 
D  SNOHA 

AMSRD  ARL  WM  MC 
WROY 

R  SQUILLACIOTI 
AMSRD  ARL  WM  MD 
ECHIN 

B  CHEESEMAN 
J  CHINELLA 
KCHO 

J  MONTGOMERY 
B  SCOTT 
S  WALSH 

AMSRD  ARL  WM  SG 
T  ROSENBERGER 
AMSRD  ARL  WM  T 
P  BAKER 
B  BURNS 
N  GNIAZDOWSKI 
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AMSRD  ARL  WM  TA 
M  BURKINS  (5  CPS) 
W  GOOCH  (5  CPS) 

D  HACKBARTH 
T  HAVEL 
C  HOPPEL 
E  HORWATH 
T  JONES  (5  CPS) 

D  KLEPONIS 
C  KRAUTHAUSER 
B  LEAVY 
D  LITTLE 
H  MEYER 
J  RUNYEON 
S  SCHOENFELD 
D  SHOWALTER 
K  STOFFEL 
AMSRD  ARL  WM  TB 
R  BANTON 
R  GUPTA 

AMSRD  ARL  WM  TC 
T  FARRAND 
K  KIMSEY 
L  MAGNESS 
RMUDD 
D  SCHEFFLER 
S  SCHRAML 
S  SEGLETES 
R  SUMMERS 
W  WALTERS 
AMSRD  ARL  WM  TD 
S  BILYK 
T  BJERKE 
D  CASEM 
J  CLAYTON 
D  DANDEKAR 
M  GREENFIELD 
Y  HUANG 
BLOVE 

M  RAFTENBERG 
E  RAPACKI 
M  SCHEIDLER 
T  WEERASOORIY A 
AMSRD  ARL  WM  TE 
C  HUMMER 
B  RINGERS 
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3  AERONAUTICAL  &  MARITIME 
RSCH  LAB 
N  MURMAN 
S  CIMPOERU 
D  PAUL 
PO  BOX  4331 
MELBOURNE  VIC  3001 
AUSTRALIA 

1  ARMSCOR 
L  DU  PLESSIS 
PRIVATE  BAG  X337 
PRETORIA  0001 
SOUTH  AFRICA 

1  CARLOS  III  UN IV  OF  MADRID 
C  NAVARRO 

ESCUELA  POLTEENICA  SUPERIOR 
C/BUT  ARQUE  15 
28911  LEGANES  MADRID 
SPAIN 

1  CELIUS  MATERIAL  TEKNIK 
KARLSKOGA  AB 
L  HELLNER 
S  69180  KARLSKOGA 
SWEDEN 

3  CENTRE  D'ETUDES  GRAMAT 
J  CAGNOUX 
C  GALLIC 
J  TRANCHET 
GRAMAT  46500 
FRANCE 

1  MINISTRY  OF  DEFENCE 
DGA  DSP  STTC 
G  BRAULT 

4  RUE  DE  LA  PORTE  D'lSSY 
00460  ARMEES 
F  75015  PARIS 
FRANCE 

1  CONDAT  PROJEKT  GMBH 
ATTN  J  KIERMEIR 
MAXIMILIAN  STR  28 
SCHEYERN  85298 
GERMANY 


1  OSAKA  UNIVERSITY 
JOINING  &  WELDING  RSCH  INST 
K  KONDOH 

11-1  MIHOGAOAKA IBARAKI 
OSAKA  567-0047  JAPAN 

2  DEFENCE  PROCUREMENT  AGCY 
G  LAUBE 

WODERMATT 

BALLISTICS  WPNS  &  COMBAT 
VEHICLE  TEST  CTR 
CH  3602  THUN 
SWITZERLAND 

1  TDW  EADS 
ATTN  M  HELD 
PO  BOX  1340 

SCHROBENHAUSEN  D  86523 
GERMANY 

4  DEFENSE  RESEARCH  AGENCY 
ATTN  W  CARSON 
ATTN  T  HAWKINS 
ATTN  B  JAMES 
ATTN  B  SHRUBS  ALL 
PORTON  DOWN 
SALISBURY  WTTTS  SP04  OJQ 
UNITED  KINGDOM 

1  DEFENCE  RESEARCH  AND 
DEVELOPMENT -VALC  ARTIER 
ATTN  R  DELAGRAVE 

2459  PIE  XI  NORTH 
VAL-BELAIR  QC  G3J  1X5 
CANADA 

2  DEUTSCH  FRANZOSISCHES 
FORSCHUNGS1N  STITUT  ST  LOUIS 
H  ERNST 

HLERR 

CEDEX  5  RUE  DU 
GENERAL  CASSAGNOU 
F  68301  SAINT  LOUIS 
FRANCE 

1  DIEHL  GMBH  AND  CO 
M  SCHILDKNECHT 
FISCHBACHSTRASSE  16 
D  90552  ROTBENBACH  AD 
PEGNITZ 
GERMANY 
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2  ETBS  DSTI 
P  BARNIER 
M  SALLES 
ROUTE  DE  GUERAY 
BOITE  POSTALE  712 
18015  BOURGES  CEDEX 
FRANCE 

1  FEDERAL  MINISTRY  OF  DEFENCE 
DIR  OF  EQPT  &  TECH  LAND 
RUV  2 

DHAUG 
POSTFACH  1328 
53003  BONN 
GERMANY 

4  FRANHOFER INSTITUT  FUR 

KURZZEITDYNAMIK 
ERNST  MACH  INSTITUT 

V  HOHLER 

E  STRASSBURGER 
R  TRAM 
K  THOMA 
ECKERSTRAS  SE4 
D  79  104  FREIBURG 
GERMANY 

2  HIGH  ENERGY  DENSITY  RSCH  CTR 

V  FORTOV 
GKANEL 

IZHORSKAY  STR  13/19 
MOSCOW  127412 
RUSSIAN  REPUBLIC 

1  1NGENIEURBURO  DEISENROTH 
F  DEISENROTH 
AUF  DE  HARDT  33  35 
D  5204  LOHMAR  1 
GERMANY 

1  INST  OF  CHEMICAL  PHYSICS 
S  RAZORENOV 
142432  CHERNOGOLOVKA 
MOSCOW  REGION 
RUSSIAN  REPUBLIC 

1  INST  FOR  PROBLEMS 
OF  STRENGTH 
G  STEPANOV 

TIMIRY  AZEVSKAYA  STR  2 

252014  KIEV 

UKRAINE 


7  INST  FOR  PROBLEMS  IN  MATLS  SCI 

S  FIRSTOV 
B  GALANOV 
O  GRIGORIEV 

V  KARTUZOV 

V  KOVTUN 

V  MILMAN 

V  TREFILOV 

3  KRH Y ZH AN O V SKY  STR 
252142  KIEV  142 
UKRAINE 

3  INST  OF  MECH  ENGR  PROBLEMS 

V  BULATOV 
D  INDEITSEV 

V  MESCHERYAKOV 
BOLSHOY  61  VO 

ST  PETERSBURG  199178 
RUSSIAN  REPUBLIC 

2  IOFFE  PHYSICO  TECH  INST 
E  DROBYSHEVSKI 
A  KOZHUSHKO 
ST  PETERSBURG  194021 
RUSSIAN  REPUBLIC 

1  R  OGORKIEWICZ 
18  TEMPLE  SHEEN 
LONDON  SW  14  7RP 
UNITED  KINGDOM 

2  NATL  DEFENCE  HDQRTRS 
PMO  MRCV  MAJ  PACEY 
PMO  LAV  A  HODAK 
OTTOWA  ONTARIO  KIA  OK2 
CANADA 

1  OTO  BREDA 
M  GUALCO 
VIA  VALDIOCCHI  15 
119136  LA  SPEZIA 
ITALY 

1  AMERICAN  EMBASSY  SINGAPORE 
E  STIERNA 

PO  BOX  ODC  FPO  AP  96507 

1  ROYAL  NETHERL AND  S  ARMY 

JHOENEVELD 

V  D  BURCHLAAN  3 1 
PO  BOX  90822 

2509  LS  THE  HAGUE 
NETHERLANDS 
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1  DEFENCE  MATERIEL  ADMIN 
WEAPONS  DIRECTORATE 
A  BERG 

S  11588  STOCKHOLM 
SWEDEN 

1  SINGAPORE  INST  OF  MFG  TECHLGY 
RSRCH  SCIENTIST 
FORMING  TECHNLGY 
M  CHANDRASEKARAN 
71  NANYANG  DR 
SINGAPORE  638075 

1  ADVNCD  DEF  MTRLS  LTD 
G  ROBERSON 

SIR  FRANK  WHITTLE  BUSINESS 
CENTRE 

GREAT  CENTRAL  WAY  RUGBY 
WARWICKSHIRE  ENGLAND 
CV21  3XH 

1  NATL  INST  FOR  MTRLS  SCI 
MAGNETIC  MTRLS  CTR 
NANOSTRUCTURE  ANLYS  GR 
C  MENDIS 

1-2-1  SENGEN  TSUKUBA 
IBARAKI  305-0047  JAPAN 

1  TNO  SCIENCE  AND  INDUST 
W  SILLEKENS 
DE  RONDOM  1 
PO  BOX  6235 
5600  HE  EINDHOVEN 
THE  NETHERLANDS 

1  BISALLOYS  STEELS  PTY  LTD 
W  PANG 

18  RESOLUTION  DR 
UNANDERRA  NSW  2526  AUSTRALIA 

1  TNO  DEFENCE  SEC  AND  SAFETY 
FTM  VANWEGEN 
LANGE  KLEIWEG  137 
PO  BOX  45 

2280  AA  RIJSWIJK  THE  NETHERLANDS 


1  USA  ITC-PAC 
J  P  SINGH 

7-23-17  ROPPONGI  MINATO-KU 
TOKYO  JAPAN  106-0032 

1  GKSS  FORSCHUNGSZENTRUM 
GEESTHACHT  GMBH 
MAGNESIUM  INNVTN  CTR 
NHORT 

MAX  PLANCK  STR  1  GEB  47 
D-21502  GEESTHACHT  GERMANY 
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